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Abstract 
Road traffic is in addition to the energy sector and the industry one main source of air pollution and carbon dioxide emissions. 
Although most countries and manufacturers agreed to environmental regulations to reduce the pollutant emissions, particularly in 
urban areas with high traffic density, the impact of road traffic emissions on the environment and human health has been growing 
in importance steadily. Due to stricter emission standards and the binding use of emission-reducing systems (e.g. three-way 
catalyst) hydrocarbon emissions from passenger cars have been reduced significantly since the last two decades. Unlike to 
passenger cars the emissions standards of powered two-wheelers have not been adjusted since 2006 although their share of 
hydrocarbon emissions to the total amount of hydrocarbon emissions of road traffic is estimated to be disproportionately high. 
Due to the new regulation (EU) No. 168/2013 powered two-wheelers have to fulfill new emission standards from 2016 (Euro 4) 
and 2020 (Euro 5) onwards. Besides new limits for the tailpipe emissions the evaporative emissions are regulated separately for 
the first time, as they make up a high proportion to the total hydrocarbon emissions in this vehicle class. 
In this context, the calculation and forecast of road traffic emissions is an important tool to verify compliance of climate targets 
and to assess the reduction potential of emission-reducing systems. For that purpose the Federal Highway Research Institute 
(BASt) uses the emission- and calculation tool TREMOD (Transport Emission Model) which provides baseline data and 
calculated results for pollutants in almost every differentiation e.g. vehicle category, traffic situation and road type. Moreover, 
estimations of future emission trends, stock information and mileage distribution can be made. 
The main objective is to illustrate the impact of the upcoming emission standards Euro 4 and Euro 5 on the operational 
hydrocarbon emissions of powered two-wheelers based on statistical estimations. The significant aspect is to generate scenarios 
to show the reduction potential of hydrocarbon emissions of powered two-wheelers, differentiated into motorcycles and small 
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motorcycles, in relation to the total share of hydrocarbon emissions in this vehicle class and to the total hydrocarbon emissions 
from road traffic. As a part of our research, we can make initial statements about the possible effect of the new emission 
standards of regulation (EU) No. 168/2013 by means of modeling with TREMOD. 
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1. Introduction 
The increase in world population and global economic performance associated with the ever-increasing demand 
for energy and mobility, particularly in emerging markets, leads to a series of socio-economic and political changes 
as well as far-reaching impacts on the environment and climate (Huwart et al., 2014). In addition to the energy and 
industrial sector, the transport sector contributes significantly to environmental- and climate related emissions such 
as nitrogen oxides (NOX), hydrocarbons (HC), carbon monoxide (CO), particles (PM) and carbon dioxide (CO2) 
(UBA 2015). Especially nitrogen oxides, carbon monoxide and hydrocarbons are locally active substances that 
contribute to the formation of ground-level ozone, by interacting with each other. Thus the deterioration of air 
quality in urban areas is mainly determined by these components (LfU 2004). In addition, these pollutants have 
varying degrees of toxicological effects on human health and various ecosystems (LfU 2004-2). In this context, 
national governments and their associations and authorities developed regulations to mitigate the negative effects of 
these developments within the framework of national or international agreements. However, the resolution of such 
agreements requires a full understanding of the processes and polluters, which caused such developments ahead. In 
this process the calculation and forecast of air pollutants and climate-relevant emissions has a significant role, as it is 
a scientific basis for the preparation and enforcement of policies and regulations and as an option to verify 
compliance and effectiveness. 
The Federal Highway Research Institute uses the emission- and calculation tool TREMOD (Transport Emission 
Model) on behalf of the Federal Ministry of Transport for the calculation and prediction of road traffic emissions, 
fuel consumption and annual traffic in Germany. The tool was developed in the early 1990’s by the Institute for 
Energy- and Environmental Research Heidelberg GmbH (IFEU) on behalf of the Federal Environment Agency 
(UBA) and has been updated steadily in the context of research projects with regard to traffic information and 
population trends, as well as on current emission data of new vehicles within the market. TREMOD is used by the 
governmental institutions as an accepted tool to fulfill national and international emission reporting obligations. In 
addition it allows identifying such road users that contribute disproportionately to road traffic emissions and 
greenhouse gases and it serves as a scientific basis for the enactment of regulations and laws in Germany. 
Within the present study, the development of emissions of powered two-wheelers, differentiated into motorcycles 
(MC, displacement > 50 cm³) and small motorcycles (SMC, displacement < 50 cm³) is investigated after the 
introduction of the new emission standards Euro 4 (2016) and Euro 5 (2020) within regulation EU No. 168/2013 
(EU 168/2013). Focus is the investigation of hydrocarbon emissions (hereinafter HC-Emissions) as powered two-
-wheelers contribute disproportionately to the total hydrocarbon emissions of road traffic. Hydrocarbon emissions 
result from missing or incomplete combustion processes within a combustion engine and pass through the exhaust 
system into the atmosphere, if no exhaust gas aftertreatment system is installed. While passenger cars are equipped 
with catalytic converters since the mid-80’s, the installation of exhaust gas treatment systems for motorcycles is 
practically necessary since introducing new emission limits within Euro 3. For this reason, older motorcycles that 
have been built up to this date emit significantly higher hydrocarbon emissions than newer vehicles that fulfill Euro 
3 standards as these last ones are equipped with catalytic converters. In particular, mopeds, which are often equipped 
with two-stroke engines, produce more hydrocarbon emission than four-stroke engines due to their more inefficient 
operation process. As their driving mileage can be expected in urban areas mainly, their contribution to the 
deterioration of air quality in cities is rather high. The formation of ground-level ozone and strong smell nuisance 
might be the direct result of this. 
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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For this purpose scenarios that characterize the development of hydrocarbon emissions of powered two-wheelers 
up to the year 2030 will be calculated by using TREMOD. The results are to be differentiated with regard to 
displacement classes and local situation. In addition to that the spread of the annual traffic within this vehicle 
category, also differentiated by local situation and displacement class, is investigated. Thus, the saving potential of 
the new emission standards Euro 4 and Euro 5 in relation to the HC-Emissions in this vehicle class and as well to the 
total HC-Emissions of road traffic will be apparent. 
2. European emission legislation 
From 2016 onwards new regulation (EU) No. 168/2013 applies for motorcycles and small motorcycles. It 
regulates the introduction of new emission standards Euro 4 and Euro 5. Besides to the regulated pollutants NOX, 
CO, and HC within former emission levels limit values for particulate matter PM (Euro 4) and non-methane 
hydrocarbons NMHC (Euro 5) are fixed for the first time. Additionally, there is a limit for evaporative emissions for 
the first time, as their share to the total HC-emissions in this vehicle class is deemed to be disproportionately high. 
These fuel components evaporate on hot engine- or exhaust components and emit into the environment. The 
evaporative emissions can be classified into three types: 
 
x Running losses: fuel fractions which evaporate on hot components of the engine or exhaust system during the 
vehicle is running 
x Hot soak emissions: fuel fractions which evaporate on hot components of the vehicle after switching off the 
vehicle 
x Diurnal losses: Such fuel components that evaporate through the fuel system when the vehicle is parked for 
a longer time 
 
The measurement of evaporative fuel fractions is based on the SHED testing procedure (sealed housing for 
evaporative emission determination), in which vehicles are investigated in gas-tight air chambers on the outlet of 
hydrocarbon vapors (EU 134/2014). In addition to the new emission limits the durability of emission control 
systems (on-board diagnosis system, oxygen sensor, catalytic converter) is prescribed for the first time. Moreover, 
the regulation includes a timetable for the implementation of new limit values and test procedures. Fig. 1 shows the 
successive reduction of HC-emissions limits of small motorcycles (left) and motorcycles (right). It should be noted 
that up to emission standard Euro 4 there is a common limit for nitrogen oxides and hydrocarbons for small 
motorcycles. In addition, there are different limits depending on permitted speed limit, combustion processes and 
displacement classes for motorcycles. Euro 3 limit for small motorcycles was skipped. The limits of the Euro 5 
emission standard of motorcycles are identical to those for passenger cars with gasoline engines and emission 
standard Euro 6. 
 
 
Fig. 1. HC-emission limits of powered two-wheelers; left: small motorcycles, right: motorcycles. 
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3. Emission Models within EU 
Within the EU there are a number of emission models, which are used by Member States to fulfill emission 
reporting obligations or to forecast and analyze emission development on regional or local level. The models differ 
in some cases in terms of their function and the underlying database, as well as their suitability to calculate specific 
applications. The most widely used models are COPERT (Computer programme to calculate emissions from road 
transport) and those models that are based on the function and database of COPERT and HBEFA (Handbook 
Emission Factors for Road Transport) and those models that are based on HBEFA e.g. HBEFA Expert Version 
(Sweden, Switzerland), TREMOD (Germany) and GLOBEMI (Austria) (Gkatzoflias et al., 2012) (Keller et al., 
2004a) (Knörr et al., 2012) (Hausberger et al., 2011). Moreover, in some European countries (Netherlands, Versit +; 
Finland LIPASTO) specially developed emission calculations tools are applied (Smit et al., 2007) (Koukkari et al., 
2009). 
3.1. HBEFA 
The Handbook Emission Factors for Road Transports represents a database, which contains information on 
regulated and non-regulated air pollutants, greenhouse gases and fuel consumption of all relevant road users in the 
greatest differentiation. It resulted from a joint cooperation between Germany and Switzerland in the late 1980’s, 
which aimed to bring together the research activities in the field of emission measurements of road vehicles and to 
increase the quality of the emission data base (Keller et al., 2004b). Meanwhile Austria, the Netherlands, Sweden, 
Norway, France and the Joint Research Center (JRC) of the European Commission contribute country-specific data 
sets on emissions and fleet composition in order to improve the development of HBEFA. Thus the number of 
emission data shown in HBEFA has been extended continuously by nationally funded measurement campaigns. 
Currently HBEFA Version 3.2 contains emission data sets of the following vehicle categories: Passenger cars, light- 
and heavy duty vehicles, powered two-wheelers and buses, differentiated into long distance coaches and public 
buses. These are further divided into segments and sub segments, of which a segment is a group of vehicles with the 
same engine type (e.g. diesel, gasoline, etc.) and size (displacement/vehicle mass), and this is further differentiated 
by its sub-segment, which describes the emission level of this vehicle. Within the vehicle category of powered two-
-wheelers, the propulsion is additionally differentiated to the combustion processes, namely 2-stroke- or 4-stroke 
process. The emission levels before the introduction of European-wide level Euro 1 in 1998 are summarized within 
HBEFA as a sub segment “PreEuro”. HBEFA includes emission factors for powered two-wheelers for the 
components shown in table 1. 
Table 1. Emission components within HBEFA. 
Category Components 
Regulated pollutants Hydrocarbons (HC), Carbon monoxide (CO), Nitrogen oxides (NOX), Particulate matter 
(PM), Non-methane hydrocarbons (NMHC)  
Non-regulated 
components 
Nitrogen dioxide (NO2), Sulfur dioxide (SO2), Ammonia (NH3), Benzol (C6H6), 
Particulate number (PN), Fuel consumption (FC) 
Greenhouse gases Carbon dioxide (CO2), Methane (CH4), Nitrous oxide (N2O) 
 
The emission and fuel consumption of a vehicle depends on numerous parameters such as vehicle speed and load 
condition as well as on the longitudinal road gradient and dynamic driving parameters. In order to describe the 
emission behavior of a vehicle, it is therefore necessary to have information on emissions and fuel consumption for 
their typical driving patterns in real traffic situations. In HBEFA a structure has been created, that classifies the 
typical real driving situations in the form of driving patterns, and that assigns a corresponding emission- and fuel 
consumption factor with the unit g/km to each of them. A driving pattern describes the course of velocity over time 
(driving cycle), which tracks the driving behavior of a vehicle for a particular driving situation, of which are four 
defined in HBEFA (“Free flow”, “Saturated traffic”, “Heavy traffic”, “Stop + Go”) (Keller et al., 2004a). In 
addition, a driving pattern is characterized by an average speed. As the driving situations occur on all road types, 
local situations (rural/agglomeration) and speed limit zones and each of these combinations describes a separate 
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driving pattern (different velocity- and acceleration curves; different average speeds) the classification of “traffic 
situations” was created in HBEFA. This assigns each combination of local situation, road type (motorway, trunk 
road, secondary road, district road, local road) and speed limit zone a corresponding driving pattern (e.g. 
rural/motorway/speed limit 120/saturated). This kind of classification takes into account the effect, that different 
traffic situations do have a similar average speed, but the underlying driving pattern and the associated emission 
factor differ. Overall, the HBEFA contains 276 individual traffic situations that are linked with emission-, and fuel 
consumption factors for each vehicle segment and sub-segment. The emission factors of powered two-wheelers up 
to and including the emission limit Euro 3 (for motorcycles) or Euro 2 (for small motorcycles) are based on exhaust 
gas measurements on chassis dynamometers and are derived for the respective driving patterns (Steven, 2003). 
Besides operational emissions HBEFA includes also surcharges on cold-start emissions and evaporative emissions 
that are deposited transaction-based in g HC/transaction for hot-soak emissions and g HC/day for diurnal losses 
(Heine et al., 1993). 
3.2. TREMOD 
The development of the emission calculation tool TREMOD was initiated in the early 90’s on behalf of the 
Federal Environment Agency in Germany, in order to query detailed information concerning emissions, fuel- and 
energy consumption for road-, rail-, air-, and waterway transport in Germany (Knörr et al., 2012). Due to the 
importance of the road traffic sector (the share of CO2-emissions caused by road traffic to the total CO2-emissions in 
Germany was 17.4% in 2010) this sector is implemented in detail (UBA, 2012). TREMOD therefore contains very 
extensive information on annual traffic, emissions and fuel consumption of all road traffic participants differentiated 
with regard to the classification in HBEFA.  
The input database in TREMOD consists of real emission- and fuel consumption data of all road traffic vehicle 
categories and their sub- segments in terms of emission factors, which are collected within the Handbook of 
Emission Factors for Road Transport HBEFA, as well as on detailed information of annual traffic, also 
differentiated to vehicle category, road type and local situation, which are collected as a part of driving performance 
surveys and counting stations carried out on behalf of BASt (Hautzinger et al., 2002) (Palm et al., 1994a, 1994b, 
1996). Provided that emission factors for one vehicle type in relevant traffic situations are known the total emissions 
for this class are determined in TREMOD by multiplying the emission factors with the distributed annual traffic of 
this vehicle class taking into account the vehicle stock evolution. Information on vehicle stock and fleet distribution 
in TREMOD are taken from the Federal Motor Transport Authority and are implemented in TREMOD annually. 
The prediction of future vehicle stock in TREMOD is done based on estimations of future registrations and on 
survival curves for actual vehicles. The survival curves describe the percentage decrease within the vehicle stock 
over a defined period. Based on the survival curves, the proportion of those vehicles that are eliminated from the 
market due to age can be determined.  
The continuous updating of the input data base in TREMOD by generating emission factors of new vehicle types 
for HBEFA on the one hand as well as the implementation of actual traffic data and vehicle stock information is 
necessary to ensure the usefulness of the calculated results. The results are presented in annual steps retrospectively 
from the year 1960 up to the current date based on real emission-, mileage- and stock data (basis scenario) and as 
a trend scenario up to 2030, in which assumptions on future trends in vehicle technology, emission standards and 
traffic density are made. The actual TREMOD database which is used in this study at hand is the version 5.53. 
4. Methodology and baseline results 
The development of road traffic emissions is characterized by the superposition of technological improvements to 
reduce fuel consumption and emissions of vehicles and the underlying annual traffic performed in Germany. The 
total amount of emitted HC-Emissions from the road traffic sector have been reduced by over 90% since 1980, as 
shown in Fig. 3 (a). In particular the fact that passenger cars had to be equipped with regulated catalytic converters, 
in order to fulfill emission standard Euro 1, determined this effect predominately, as these systems can convert the 
HC-emissions of passenger cars to more than 90%. Due to increasing market penetration of this technology 
a reduction in fleet emissions, as shown in Fig. 3 (a), took place. Passenger cars without catalytic converters are no 
longer represented in the German fleet with exceptions of classic cars and vehicles with special licenses.  
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(a)  (b)  
Fig. 3. HC-Emissions of road traffic in Germany, differentiated to vehicle category; (a) Absolute (b) Share (PC: Passenger cars; PTW: Powered 
two-wheelers; HDV: Heavy duty vehicles; LDV: Light duty vehicles; Bus: Buses). 
Fig. 3 (b) consequently shows the shift of the share of HC-emissions in 5-year steps. It becomes clear that due to 
the decrease in HC-emissions from passenger cars since the 1990’s the share of HC-emissions from the other 
vehicle categories to the total HC-emissions from road traffic changes. It turns out that by 2015 the share of 
HC-emissions of powered two-wheelers rises to about 26%. Ignoring the effects of new emission standards Euro 4/5 
it is expected that their share to the total hydrocarbon emissions from road traffic will further rise to about 28% by 
2030 in this scenario. The reason for this is not the increase in HC-emissions of powered two-wheelers as such, but 
the larger decrease of HC-Emissions within other vehicle categories due to stricter emission regulations and the 
prescribed usage of emission reducing systems. In this context, a further differentiation of HC-Emissions of 
powered two-wheelers into motorcycles and small motorcycles as shown in Fig. 4 (a) and (b) seems appropriate. 
While the total HC-emissions in this vehicle class is about 23.8 kt/a in 2015 the total amount is reduced about 
8.4 kt/a by 2030 just due to new technologies and the expected stock alteration towards newer vehicles without the 
consideration of the effects of emission standards Euro 4/5. With regard to the shares in this vehicle class, this 
means a shift concerning the HC-emission towards the small motorcycles from presently 56% in 2015 up to 71% in 
the year 2030. 
  
(a)  (b)  
Fig. 4. HC-Emissions of powered two-wheelers, differentiated into motorcycles and small motorcycles; (a) Absolute (b) Share. 
In the same period the total annual traffic on German roads has almost doubled from about 400 bn. km/a in 1980 
up to about 800 bn. km/a in 2030 (see Fig. 5 (a)). In particular, the total annual traffic provided by passenger cars 
contributes predominately to the development of the total annual traffic with a share of more than 80% (Fig. 5 (b)). 
In contrast, the share of total annual traffic of powered two-wheelers to the total annual traffic in Germany is about 
2%, without expected significant changes until 2030. This corresponds to approximately 16 billion vehicle 
kilometers per year. Although the share of the total annual traffic of this vehicle class is rather low, their 
contribution of HC-emissions to the total HC-Emissions of road traffic increases up to 28% in 2030 as shown in 
Fig. 3 (b). 
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(a)  (b)   
Fig. 5. Total annual traffic in Germany 1980 – 2030; (a) Absolute; (b) Share. 
An analysis of the annual traffic of powered two-wheelers by vehicle segment and local situation/road type 
illustrates the disproportionately high share of HC-emissions from small motorcycles within this vehicle category 
and in relation to the total HC-emissions from road traffic as well. Fig. 6 (a) and (b) show, that the share of annual 
traffic of small motorcycles with regard to the annual traffic provided by all powered two-wheelers is about 
4.9 billion km/a, which corresponds to approximately 30%. The predicted share of annual traffic of small 
motorcycles remains nearly unchanged at this level up to 2030, whereas the share within motorcycle segments 
changes towards the vehicle segment with an engine capacity > 750 ccm (28% in 2015, 30% in 2030; Fig. 6 (b)). 
Thus, the share of annual traffic of small motorcycles compared to the total annual road traffic will be about 0.6% in 
2030, but their share to the HC-emissions from road traffic will be about 20%. 
 
(a)  (b)  
Fig. 6. Total annual traffic of powered two-wheelers, differentiated to displacement class; (a) Absolute (b) Share. 
Fig. 7 (a) and (b) show the distribution of annual traffic of powered two-wheelers differentiated by local 
situation/road type and by motorcycles and small motorcycles. It turns out that there is a distinct difference between 
motorcycles and small motorcycles regarding the local situation/road type where the traffic is performed. The share 
of the annual traffic in urban areas performed by small motorcycles is approximately 75%, whereas this share is 
only about 30% within the vehicle category of motorcycles. This is due to the maximum speed limit of 45 km/h of 
small motorcycles, which prohibits the use on federal motorways and trunk roads on the one hand and due to 
different usage purposes as well. While small motorcycles are mainly used for driving short distances in urban areas, 
motorcycles are used for a variety of purposes like commuting to work and cruising (Dünnebeil et al., 2004). This 
clearly shows that the majority of HC-emissions from the vehicle category of small powered two-wheelers is 
emitted in urban areas which effects the air quality significantly.  
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(a)  (b)  
Fig. 7. Total annual traffic of powered two-wheelers, differentiated to local situation and road type; (a) Motorcycles (b) Small motorcycles. 
4.1. Possible effect of Euro 4/5 
The effects of the new emission standards Euro 4/5 to the HC-emissions of powered two-wheelers, the associated 
saving potential in this vehicle category and to the total HC-emissions of road traffic are shown in Fig. 8 (a)–(e). 
After introduction of the new emission limits from 2016 onwards it is assumed, that newly registered vehicles emit 
less HC-emissions than vehicles build up to this date. In addition, from this point onwards the share of older 
vehicles to the total vehicle stock decreases, so that their contribution to the total HC-emissions is reduced further. 
The superposition of these two effects leads to a stronger reduction in HC-emissions in this vehicle class, as it would 
be the case without the new emission levels. The change of HC-emissions with and without consideration of the 
effects of Euro 4/5 is shown in Fig. 8 (a) and (b). The total decrease in HC-emissions of powered two-wheelers 
taking into account new emission standards ranges from about 23.8 kt/a in 2015 to about 10.3 kt/a by the year 2030 
(Fig. 8 (b)). This represents a decrease of approximately 13.5 kt/a or 56%. Excluding Euro 4/5 limits the decline by 
2030 is approximately 8.4 kt/a to about 15.4 kt/a (Fig. 8 (a)). Thus, the absolute savings of HC-emissions in this 
vehicle class due to new emission standards is about 5.1 kt/a by 2030, which corresponds to a saving potential of 
approximately 21% compared to the baseline in 2015. It turns out that the reduction of HC-emissions can be 
attributed particularly to the decrease in HC-emissions caused by small motorcycles. Approximately 4.6 kt/a is the 
expected saving potential of small motorcycles by 2030 whereas the absolute savings in motorcycles HC-emissions 
is only about 0.5 kt/a (see Fig. 8 (c)). It is expected that small motorcycles with two-stroke engines will be displaced 
from the market, as compliance with the new emission limits would be achieved just with expensive exhaust 
aftertreatment systems, so that these vehicles would appear unprofitable in this segment. This means a reduction of 
the share of HC-emissions of powered two-wheelers to the total HC-emissions from road traffic from about 26% in 
2015 to 19.6% in 2030 (see Fig. 8 (d)). Thus, the share of HC-emissions caused by powered two-wheelers in 
relation to the total HC-emissions from road traffic will decrease by 6.4% due to new emission standards Euro 4/5 in 
the scenario. 
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(c)  (d)  
Fig. 8. HC-Emissions of powered two-wheelers; (a) Without Euro 4/5 (b) After introduction of Euro 4/5 (c) HC-Emission reduction potential of 
powered two-wheelers; differentiated into motorcycles and small motorcycles (d) HC-Emissions of road traffic with Euro 4/5 for powered two-
-wheelers; share. 
5. Conclusion and discussion 
The emission trajectories identified within this paper provide a first estimation of how the HC-emissions from 
powered two-wheelers will develop absolutely and proportionately to the total HC-emissions from road traffic after 
introduction of new emission standards Euro 4/5 in 2016 and 2020. The presentation of results was split up into 
motorcycles and small motorcycles, and additionally by displacement class and local situation/road type. It could be 
illustrated, that the decline in HC-emissions is based on two effects. On the one hand the decline of HC-emissions is 
caused due to the decreasing number of vehicles with former emission standards and the associated decrease in 
annual traffic and emissions. On the other hand vehicles that are newly registered from 2016 and 2020 onwards 
contribute less HC-emissions than vehicles built up to this date. With increasing market penetration this leads to less 
HC-emissions of the powered two-wheeler fleet. Overall, the saving potential of HC-emissions from powered two-
wheelers attributable to the new emission standards is about 5.1 kt/a by 2030, which corresponds to a saving of 
approximately 21% compared to the year 2015 in this vehicle class. Thus the share of HC-emissions from powered 
two-wheelers in relation to the total HC-emissions from road traffic is reduced by 6.4%. It could be shown that the 
greatest savings can be expected in the vehicle category of small motorcycles with about 4.6 kt/a unlike to savings 
of 0.5 kt/a caused by motorcycles. Taking into account the distribution of the annual traffic in terms of local 
situation and road type, the reduction in HC-emissions is expected in urban areas in particular, as the annual traffic 
of small motorcycles is provided to approximately 75% in these areas. 
The emission factors in TREMOD for emission standards Euro 4/5 are based on statistical assumptions and 
derivations and shall be verified within future research projects. Therefore it is necessary to carry out exhaust gas 
measurements on powered two-wheelers of the new emission standards in order to generate emission maps that 
allow deriving emission factors for traffic situations classified in HBEFA. These are to be implemented along with 
updated annual traffic data and stock information into emission calculation tools like TREMOD. In addition, the 
share of evaporative emissions of this vehicle category, differentiated according to hot-soak emissions, running 
losses and diurnal losses, is to be determined by measurements in gas-tight chambers and to be compared to the 
operational emissions. It is expected that due to limits of evaporative emissions within regulation (EU) 
No. 168/2013, an additional shift between the emission shares will occur. 
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